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Abstract 
The tunable filter with a constant bandwidth in its operating range is still needed. To meet this demand, a novel 
hybrid coupling structure between cavities using in tunable coaxial-cavity filters is presented in this paper. The 
coupling structure is constituted of rectangular window between cavities and metal rod across the cavities. 
Comparing to the traditional coupling structure, the combination of rectangular window and metal rod can introduce 
an almost constant bandwidth to the tunable filters in the operating range. In this paper, a 3rd tunable coaxial-cavity 
bandpass filter operating from 110MHz to 176MHz with absolute bandwidth of 1MHz is designed and simulated 
using EM simulation software HFSS. The simulated results indicated that the absolute bandwidth is 1.2MHz in the 
low frequency and 1.1MHz in the high frequency, a 1% difference exists. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [Hangzhou Dianzi 
University]
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1. Introduction 
With the advent of wireless communications and satellite communications, the design of many 
passive circuits, such as the filters, are facing new design challenges including compact size and high 
performance. For the tunable bandpass filters, the challenges including compact size, constant bandwidth 
across the tuning range and high power capacity[1-2]. There are various techniques and hybrid methods 
to achieve the tunable bandpass filter, including microstrip filters [3-9] and coaxial cavity filters [10]. In 
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[1-2], two methods for the varactor diode filters which can maintain almost constant bandwidth across the 
tuning range are initially reported. Unfortunately, they are suffered from low power and low out-band 
suppression. Therefore, the cavity filter attracts many attentions for its high power and high Q value. 
Generally, the quarter-wavelength coaxial-cavity with changeable inner-conductor is widely used to 
construct tunable filters due to their advantages such as low loss, high Q value. The inter-cavities 
coupling is realized by a rectangular window between two cavities. Through lengthening the coupling 
window, the bandwidth difference between the high frequency to the low frequency of the operating 
range can be decreased. However, the lengthening of the window will result in a very large size of filters, 
more than half wavelength. It was not fit for the compact design of tunable filters. The capacitor loaded 
coaxial resonators usually adopted to reduce the volume of tunable filters. However, the smaller size of 
resonators will lead to a smaller size of coupling window. Therefore, only with the simple coupling 
window arranged between the cavities will result in a variable bandwidth tunable cavity filters. To these 
days, there no documents about coaxial-cavity tunable filters that can maintain a contest bandwidth over 
the operating band are presented. 
A novel coupling structure between cavities using in the compact capacitor loaded coaxial-cavity 
was presented in this paper. The coupling structure is constituted of rectangular window and metal rod 
across the cavities. This coupling structure can ensure that the operating bandwidth of the tunable filter 
keep almost constant in the operating range. This novel coupling structure can be widely used in compact 
narrow bandwidth tunable filters.  
2. Theoretical analysis of the bandwidth change of the tunable bandpass filter 
In the design of the coaxial-cavity filters, the coupling between resonant cavities usually realized with 
rectangular window between cavities. Many documents [11-12] have study the coupling characteristic of 
the rectangular window.   
It is well known that the magnetic field distribution in the quarter-wavelength is shown in figure.1. 
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Figure.1 the magnetic field distribution of the quarter-wavelength coaxial-cavity in the difference frequency 
In figure.1, fζI. Whatever frequency, the magnitude of the magnetic field reaches its maximum at the 
short end of the cavity. The magnitude of the magnetic field at short end in high frequency is greater than 
that in the low frequency. The magnitude of the magnetic field decrease along the axial direction toward 
the open end of the cavity. The decrease speed of the magnetic field is slowly in the low frequency and 
rapidly in the high frequency. Therefore, the magnitude of the magnetic field in the high frequency will 
equal to that in the low frequency at a position (at 99mm in figure.1) in the axial direction and great 
exceed the position. The position is often near to the open end of the cavity. The magnitude of the 
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magnetic flux coupled is proportional to the coupling coefficient. Therefore, provided enough length of 
the coupling window, the coupling coefficient in the low frequency can equal to that in the high 
frequency and even great than that. But for the compact capacitor loaded tunable coaxial-cavity filter, the 
length of the rectangular window is often less than half quarter-wavelength. A large bandwidth difference 
between the high frequency and the low frequency will be resulted only with the window coupling.   
Figure.2 presented the curve of the coupling coefficient  changing  with the resonant frequency 
of half quarter-wavelength the rectangular window of coaxial-cavity. From figure.2 can we get that 
increases with the increases of the resonant frequency. The relationship between coupling bandwidth of 
coupling structure with the frequency is shown below: 
ijK
ijK
0ij i jbw K f g g=
In the equation above,  is the absolute bandwidth of the tunable filter, ,  are the low-pass 
prototype value of the filters, f0 is the operating frequency,  is the coupling coefficient of rectangular 
window in f0. So with the increase of the frequency, the bandwidth of the tunable bandpass filter will 
increase rapidly.  
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Figure.2 the curve of coupling coefficient  changes with frequency ijK
In additional, in the design of tunable filter, for the influence of the input/output coupling, the 
bandwidth difference between high frequency and low frequency of the tunable filter will more larger. 
For this reason, for the compact capacitor loaded tunable coaxial-cavity filter, other ways must be adopted 
to decrease the bandwidth difference between high frequency and low frequency.  
3. The hybrid coupling structure
A hybrid coupling structure of the electric coupling combined with magnetic coupling is proposed in 
this paper to realize the inter-cavities coupling of tunable coaxial-cavity bandpass filter.  
The hybrid coupling structure is shown in figure. 3. 
In figure.3, the magnetic coupling is realized through the rectangular window near to the short end of 
the cavity. The electric coupling is realized through the metal rod and antenna near to the open end of the 
cavity. The polarity of the magnetic coupling is opposite to that of the electric coupling, but their 
magnitude is in commonly increase with the increase of the frequency. Hence, the combination of electric 
coupling and magnetic coupling can achieve that the coupling coefficient decrease with the increase of 
the frequency, also the almost constant bandwidth through the operating range.  
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The relationship between coupling coefficient with the frequency of the hybrid coupling structure is 
shown in figure. 4. 
From figure.4, the coupling coefficient of this structure is decrease with the increase of the 
frequency. A tunable filter with almost constant bandwidth in its operating range can be achieved with 
this structure.
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Figure.3 the structure of hybrid coupling Figure.4 the curve of the coupling coefficient of hybrid 
coupling structure changes with frequency 
4. Simulated results
Based on the discussion above, two third-cavities tunable filters were designed. One of them adopted 
hybrid coupling structure and another with traditional rectangular window. The performance of those two 
filters is simulated by HFSS. The performance comparison of the two tunable filters is presented in 
figure.5 and figure.6.  
From figure.5 and figure.6, for the tunable coaxial-cavity filter adopting traditional rectangular 
window, the operating range is from 110MHz to 174MHz, the bandwidth is 1.5MHz at low frequency and 
2.5MHz at high frequency, 66% difference exists. 
For the tunable coaxial-cavity filter adopting hybrid coupling structure, the operating range is from 
110MHz to 176MHz, the bandwidth is 1.2MHz at low frequency and 1.1MHz at high frequency, with 1% 
difference. From figure.4 can we also see that the coupling coefficient is not decrease linearly with the 
increase of the frequency, therefore, the absolute bandwidth is not a purely constant in the operating 
range.  
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Figure.5 the comparison of performance at the low end Figure.6 the comparison of performance at the high end 
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5. Conclusion
A hybrid coupling structure between cavities using in the tunable coaxial-cavity filter is proposed in 
this paper. Then theoretical analysis and simulated results of the hybrid coupling structure are presented. 
The simulated results indicate that the tunable coaxial-cavity filter with the hybrid coupling structure has 
almost constant bandwidth through the operating range. The hybrid coupling structure can be used in the 
narrow band tunable coaxial-cavity filters. 
Acknowledgements 
       This work has been funded by the National Natural Science Foundation of China (Project no. 
60673143 ) and the Science and Technology Department of Zhejiang Province(Project no. 2006C21020). 
References 
 [1] J. C. Estes. Tunable RF Bandpass Pass Filter with Variable Resonator Coupling. IEEE MTT-S Int. Microwave Symp.Dig.
2008; 1035–1038. 
[2] S.-J. Park and G. M. Rebeiz. Low-loss two-pole tunable filters with three different predefined Bandwidth Characteristics. 
IEEE Trans. MicrowaveTheory Techn. 2008; 56:1137–1148. 
[3] M. A. El-Tanani, G. M. Rebeiz. A Two-Pole Two-Zero Tunable Filter with improved linearity. IEEE Trans. Microwave 
Theory Techn. 2009; 57:830–839. 
[4] I. C. Hunter, J. D. Rhodes. Electronically Tunable Microwave Bandpass Filters.  IEEE Trans. Microwave Theory Techn.
1982; 30:1354–1360. 
[5] S.-J. Park, G. M. Rebeiz. Low-loss two-pole tunable filters with three different predefined Bandwidth Characteristics. IEEE 
Trans. Microwave Theory Techn.2008; 56:1137–1148. 
[6] J. Lee, K. Sarabandi. An Analytic Design Method for Microstrip Tunable Filters. IEEE Trans. Microwave Theory Techn.
2008; 56:1699–1706. 
[7] M. Makimoto, M. Sagawa. Varactor tuned bandpass filters using microstrip-line ring resonators. IEEE MTT-S Int. 
Microwave Symp.Dig. 1986; 411–414. 
[8] S. R. Chandler, I. C. Hunter, J. G. Gardiner. Active varactor tunable bandpass filter.  IEEE Microwave Guided Wave Lett.
1993; 3:70-71. 
[9] J. Nath, D. Ghosh, J.-P. Maria, A. I. Kingon, W. Fathelbab, P. D.Franzon, M. B. Steer. An electronically tunable microstrip
bandpass filter using thin-film barium-strontium-titanate (BST) varactors.  IEEETrans. Microwave Theory Tech. 2005;
53:2707–2711. 
[10] R. M. Kurzrok. Design of Interstage Coupling Apertures for Narrow-Band Tunable Coaxial Band-Pass Filters.  IEEE 
Trans. MicrowaveTheory Tech. 1962;10:143–144. 
[11] G. Macchiarella. An Original Approach to the Design of Bandpass Cavity Filters with Multiple Couplings.  IEEE Trans. 
Microwave Theory Tech. 1997; 45:179–187.  
[12] S. Amari. Application of Representation Theory to Dual-Mode Microwave Bandpass Filters.  IEEE Trans. Microwave 
Theory Tech. 2009; 57:430–441.  
